) for determining climate sensitivity without resorting to atmosphereeocean general-circulation models is deployed to determine the quantum of projected transient global warming from the global brightening of 1983e2001, as well as from anthropogenic influences over the same period and, separately, from 1950 to 2005. Results, compared with observations, shed light on the reliability of the IPCC's method. s0015 2. THE DATA p0020 The Hadley/CRU global mean surface temperature dataset (Jones et al., 1999 , and within measurement error, to those observed from 1860 to 1880 and again from 1910 to 1940. Warming in the two earlier periods preceded any possible significant anthropogenic influence on the climate. Was the third and the most recent period of rapid warming also chiefly natural? p0025
Satellites first measured global surface temperature, cloud cover, and radiant-energy flux leaving the top of the atmosphere in the early 1980s. Pinker et al. (2005) , finding agreement between satellite and terrestrial records for the first time, reported a strong global brightening from 1983 to 2001, possibly caused by a decline in cloud cover with changes in water vapor and aerosols. Pinker, relying chiefly on the International Satellite Cloud Climatology Project (ISCCP: Schiffer, 1991, 1999) , applied linear and second-order least-squares fits to the satellite-derived time-series of globally-averaged shortwave anomalies in solar radiative flux at the Earth's surface from 1983 to 2001, after removing the annual cycle. The linear slope was positive at 0.16 W m À2 year À1 ( Fig. 1 ), close to the 0.143 W m À2 year À1 found in a recent reanalysis by Boston (Appendix). p0030
The Earth Radiation Budget Experiment satellites (ERBE: Barkstrom, 1984 ) also detected a reduction in short-wave radiation reflected from clouds to space during the same period, with a corresponding increase in long-wave radiation as more short-wave radiation reached the Earth's surface and was Wien-displaced to the near-infrared, consistent with a reduction in global cloud cover, especially at low altitudes and latitudes, and particularly in the 1990s. p0035
At the time when Pinker reported, the ERBE outgoing-radiation data presented in Wielicki et al. (2002a,b) had not been corrected to allow for orbital decay. After allowing for adjustments published by Wong et al. (2006) , Boston (Appendix) used the ERBE data as a validity check for the ISCCP data, concluding that there was reasonably close agreement with them after allowance for differences in spatial and temporal coverage, and that the annual net 
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surface flux trend for 1983e2001 was þ0.143 W m À2 . This value is taken as the starting-point for the calculations in the present paper. p0040
Other observations confirm the fact of the global brightening, while disagreeing as to its magnitude. Solomon et al. (2007, at Table 3 .5) compare tropical (20 Se20 N) top-of-atmosphere long-wave and short-wave radiative fluxes for 1994e1997 with the fluxes for 1985e1989, citing the ERBE satellite data, which showed outgoing long-wave radiation increasing by 0.7 W m À2 and outgoing short-wave radiation decreasing by 2.1 W m À2 over the period. Solomon also cites the ISCCP data as showing that outgoing long-wave radiation rose by 0.5 W m À2 , while outgoing short-wave radiation fell by 2.4 W m À2 . The AVHRR Pathfinder gave an opposite result: but, as Solomon notes, "Calibration issues, conversion from narrow to broadband, and satellite orbit changes are thought to render the AVHRR record less reliable for decadal changes compared to ERBS." p0045 Wild et al. (2005) , focusing on changes in mean surface temperature over the land, concluded that the global dimming up to the 1980s was offset by the period of brightening (or at least the absence of dimming) thereafter, and that the rapid warming that followed the transition was attributable almost entirely to anthropogenic influences. However, Pinker (at Fig. 5A ) shows a very slight dimming over land only from the 1980s onward. Though Wild makes a passing reference to Pinker, he relied not upon satellite data but upon data from the Global Energy Balance archive and the Baseline Surface Radiation Network. Wild focused solely on land surfaces. The absence of solar dimming and the insignificant net brightening over land after 1980, deduced from surface-station measurements, is consistent with the analysis of land-only satellite data in Pinker. p0050 Solomon (2007, ch. 3) concludes the sub-chapter on clouds as follows:
"In summary, while there is some consistency between ISCCP, ERBS, SAGE II and surface observations of a reduction in high cloud cover during the 1990s relative to the 1980s, there are substantial uncertainties in decadal trends in all datasets and at present there is no clear consensus on changes in total cloudiness over decadal time-scales." p0060 However, the data indicate that from 1983 to 2001 there was a significant decline in cloud cover generally, not merely in high cloud cover. It is the optically-dense clouds at low altitude and latitude that are most influential in global brightening or dimming. Fig. A3 ). Warming before feedbacks is the product of DF nat and the surface value of the Planck pre-feedback climate-sensitivity parameter k sfc , which, from data in Kiehl and Trenberth (2009 ½AQ4 ) and methods in Kiehl and Trenberth (1997) and Kimoto (2009) , is the first differential of the StefaneBoltzmann equation where emissivity 3 is unity, mean surface temperature T is 288 K, and radiative fluxes F sfc , F eva , F thm from surface radiation, evapo-transpiration, and thermal convection are 390, 80, 17 W m À2 respectively:
Accordingly, the naturally-occurring transient pre-feedbacks warming DT 0,nat that would be expected to have arisen from the global brightening mentioned in Pinker was:
p0075 Allowance is then made for the amplifying influence of temperature feedbacks arising in response to the surface warming at Eq. (2). The feedback multiplier f, where b is the sum of all unamplified climate-relevant feedbacks and where, at the characteristic-emission altitude, the Planck parameter (Solomon, ch. 10, p. 631, footnote) , is given by the feedback-amplification function in Bode (1945) :
At a doubling of atmospheric CO 2 concentration, where the multi-model mean projected climate sensitivity DT 2x z 3.26 K (Solomon, ch. 10, p. 798, box 10.2) and the anthropogenic CO 2 radiative forcing DF 2x ¼ 5.35 ln 2 z 3.71 W m À2 (Myhre et al., 1998, cited in Houghton, 2001, and in Solomon) , the IPCC's implicit central estimate is:
With this central estimate of f man , Eq. (3) is rearranged to derive a central estimate of the sum b man of all unamplified temperature feedbacks that is implicit in Solomon:
p0080 However, it is necessary to deduct from b man the cloud feedback of 0.69 W m À2 K À1 and the surface-albedo feedback of 0.26 W m À2 K À1 (Soden and Held, 2006, cited in Solomon) , since the observed global brightening will have encompassed these feedbacks. Thus,
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Then
and
p0085 Accordingly, Solomon's radiative-forcing method implies that, in response to a natural global brightening of the magnitude determined by Boston, prefeedback and post-feedback warmings would be 0.38 K (Eq. (2)) and 0.59 K (Eq. (8)), respectively. p0090
In addition, anthropogenic warming would be expected to have occurred over the period. Table 1 , again relying upon simplified methods described in Solomon, gives central estimates of the radiative forcings arising from observed increases in the concentrations of the major greenhouse gases from 1983 to 2001. p0095
Since the forcings in Table 1 represent changes in net (down minus up) radiative flux at the tropopause rather than at the surface, the surface value k sfc t0010 TABLE 1 Radiative forcings arising from changes in the atmospheric concentrations of key greenhouse gases from 1983 to 2001, determined from functions given in Myhre et al. (1998) and cited in Houghton et al. (2001) and in Solomon. CFC concentrations are from Hartley et al. (1996) . The ozone forcing is an estimate derived from relative magnitudes of forcings in Solomon. The negative forcings from aerosol effects are omitted, since the measured surface radiative-flux anomaly occasioned by the global brightening of 1983e2001 implicitly takes them into account. Forcings from minor halocarbons, land-use changes, and aircraft contrails are omitted as de minimis. of the Planck parameter is inapplicable. Instead, the substantially greater
at the characteristic-emission altitude applies. However, the feedback factor f nat remains appropriate thanks to the dominance of the global brightening over the period. p0100
The warming DT nat is transient, since e in the sufficiently short term, at any rate e global brightenings and dimmings come and go. However, in Solomon's methodology, the temperature change DT man that is projected to arise in consequence of greenhouse-gas forcings is equilibrium warming: i.e., the global-temperature anomaly that would arise only after the climate had settled to a new equilibrium after the perturbation of the climate arising from the forcing. Thus, at equilibrium:
p0105 To determine transient temperature change, we introduce an additional term r to represent the ratio of transient to equilibrium warming. In Solomon, the implicit ratio r for transient warming occurring in the medium term (i.e., in any period within the century and a half from 1950 to 2000) is approximately 0.57.
Of this 0.76 K warming over the 18-year period, >75% would be attributable to the naturally-occurring global brightening. However, the linear-regression trend on the HadCRUt monthly global land and sea surface temperature anomalies shows observed transient warming DT obs ¼ 0.34 K. Solomon's methods appear to lead to an overstatement of climate sensitivity by a factor >2.2. p0110
Even if the flux anomaly occasioned by the global brightening of 1983e2001 had been little more than half of that which Pinker had reported, it would have caused warming approximately equivalent to the observed warming, consequently leaving little room for any contribution from anthropogenic influences. Alternatively, even if temperature feedbacks were taken as net-zero rather than strongly positive, the warming arising from the global brightening over the period would be almost equal to the global warming that was actually observed, again leaving little room for any anthropogenic component. p0115
It is possible that the global brightening from 1983 to 2001 was less than Pinker or Boston had found, or that the reported rise in radiative flux arising from the global brightening was to some extent offset by unreported natural influences. It is also possible that over so short a period the influence of long-acting feedbacks may not have made itself felt, though this possibility is to some extent accounted for in the transience ratio r. Besides, if the initial warming were small, long-acting feedbacks would also be small. Table 2.  p0125 To determine the warming that would be expected to have arisen over the 56-year period, it is again appropriate to omit Solomon's strongly-negative very-long-term forcing from anthropogenic particulate pollution, since no global brightening or dimming is assumed to have occurred over the period. However, over so long a period as half a century, the positive forcings from the cloud and surface-albedo feedbacks posited by Solomon would be expected to have operated. 
323
Chapter j 13 Global Brightening and Climate Sensitivity had been only half of that reported by Pinker, its magnitude would have been sufficient to account for nearly all of the observed warming over the period, leaving little room for any anthropogenic contribution. p0135
The surface brightening from 1983 to 2001 appears to have been real, substantial, and of natural origin. CO 2 concentration has continued to rise nearmonotonically until the present, but the monotonicity of its increase, set against the stochasticity of the fluctuations in global brightening and dimming, implies an absence of correlation and hence of causation between the former and the latter, at least on decadal-to-subdecadal timescales. By contrast, at least from 1983 to 2001, there is some agreement between the global brightening and the observed warming, suggesting a perhaps causative and certainly far from counter-intuitive correlation between the two. The question arises whether Solomon was correct in listing direct and indirect aerosol forcings as being very strongly negative. If not, then the true magnitude of net anthropogenic forcings may have been considerably greater than the values given in Solomon. If so, Solomon's method may tend appreciably to overstate climate sensitivity. p0140
The anthropogenic warming from 1950 to 2005 that was determined using Solomon's methods again substantially exceeded observation, raising the question whether there were any negative natural changes in net surface flux during that period. The natural cycles of brightening and dimming that may contribute to the quasi-periodicity of the global-temperature record appear to correspond to some extent with the warming and cooling phases of the Pacific Decadal Oscillation, but they may not necessarily cancel one another out even over long periods. However, in the absence of adequate satellite instrumentation before the early 1980s, that question cannot be definitively answered. p0145
In future the deployment of standardized, automated, surface-mounted thermometers and pyranometers at locations all over the planet, reporting by satellite much as the Argo bathythermographs do for ocean temperature and salinity today, may provide better measurement of changes in cloud cover. Pyranometers deployed in Japan for >100 years show a remarkably close, and possibly causative, correlation between changes in surface solar flux (expressed as hours of sunlight) and changes in surface temperature in the region (W. W.-H. Soon, 2009, personal communication) . However, data sources from many other regions do not show a similar correlation. p0150
It is not likely that the net global brightening from 1983 to 2001 was caused in part by a systemic decline in particulate aerosols resulting from environmental measures in Western nations to improve the quality of the atmosphere: particulate aerosols continue to be emitted in increasing quantities by emerging nations such as China. If there had indeed been an enduring global clearing of the air sufficient to influence global temperatures, the warming from 1983 to 2001 might have been expected to continue thereafter: however, there has been a small cooling trend since late 2001. The Planck parameter k is of particular significance in the determination of climate sensitivity because not only pre-feedback temperature change DT 0 but also the feedback factor f are dependent upon it, so that post-feedback temperature change DT is dependent upon k 2 :
Equivalently, expressing the feedback loop as the sum of an infinite series,
From Eqs. (12, 13) it is evident that it is inappropriate to take different values of k when determining pre-feedback warming DT 0 and the feedback factor f.
Yet that is what occurred in Eqs. (7, 8) , where DT 0,nat was taken as the product of the naturally-occurring surface brightening DF nat and the surface value k sfc of the Planck parameter, but f nat ¼ (1 À bk cel ) À1 was determined using the characteristic-emission-altitude value k cel .
p0160
We acted thus because in Eq. (7) it was surely appropriate to convert a surface radiative-flux change DF nat to pre-feedback surface temperature change DT 0,nat using the surface value k sfc of the Planck parameter, and because in Eq. (8) it was appropriate to adopt the characteristic-emission-altitude value k cel , which Solomon, following Houghton, uses to determine f in response to the pre-feedback surface temperature change DT 0 .
p0165
The dilemma thus posed by the IPCC's treatment of the Planck parameter has received surprisingly little attention in the literature. However, Kimoto (2009) addresses it in some detail, and concludes that the surface value k sfc is preferable even for determination of climate sensitivity to radiative forcings at the tropopause. In that event, and on that ground alone, all of the IPCC's climate-sensitivity values would be overstated by (k cel /k sfc )
2 , approximately a factor 4.4. Likewise, even if no net global brightening were assumed to have occurred over the 56 years 1950e2005, use of Solomon's method would lead us to expect a warming of~1 K, which is half as much again as the observed transient anthropogenic warming of 0.65 K. These discrepancies are too great to be attributable merely to the failure to use atmosphereeocean general-circulation models when determining climate sensitivity. In any event, the IPCC's simplified methods used here were derived from the models. p0185
If the data are in substance correct, the positive anthropogenic forcing over the period may have been offset to some extent by unidentified negative forcings or temperature feedbacks. For instance, a temporary reduction in relative humidity associated with a possibly cyclical reduction in cloud cover (in approximate alignment with the warming phases of the Pacific Decadal Oscillation) may have transiently altered the sign of the water-vapor feedback. The cloud feedback may also be strongly negative rather than strongly positive (Spencer et al., 2007) . Temperature feedbacks in general may be somewhat netnegative (Lindzen and Choi, 2009, 2010 [submitted] ), rather than strongly netpositive, as Solomon, citing Soden and Held (2006) , finds them. p0190
It is also possible that, in today's atmosphere, true climate sensitivity not only to atmospheric CO 2 enrichment but also to other anthropogenic and natural radiative forcings is less by a factor 1.5e2.2 than the estimates in Solomon. p0195 It has been determined theoretically (e.g., Lindzen, 2007; Schwartz, 2007; Monckton of Brenchley, 2008) and confirmed empirically by direct measurement of outgoing radiation from the Earth's characteristic-emission level (e.g., Covey, 1995; Chen et al., 2002; Cess and Udelhofen, 2003; Hatzidimitriou et al., 2004; Clement and Soden, 2005; Lindzen and Choi, 2009, 2010 [submitted] ), and by direct measurement of ocean temperatures in the mixed layer (Lyman et al., 2006 as amended, Gouretski and Koltermann, 2007; Willis, 2008; Willis et al., 2009; Loehle, 2009) , that the IPCC's current estimates of climate sensitivity to atmospheric CO 2 enrichment may be excessive. It was perhaps no mere coincidence that the global brightening of 1983e2001 e a naturally-occurring event e coincided with the greater part of the only supra-decadal period of sustained and rapid warming observed since 1950. Data were collected from a suite of weather satellites operated by several nations and processed by groups in several government agencies, laboratories and universities. Measurements were obtained every three hours over the whole globe on a 280 km equal-area global grid (equivalent to 2.5 latitudeelongitude at the equator) from July 1983 to December 2007. Results include global averages of upwelling and downwelling short-wave and long-wave radiative fluxes at top of atmosphere, in the atmosphere, and at the surface, for full, clear, and cloudy-sky conditions. p0235
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The Earth Radiation Budget Experiment (ERBE) datasets are based upon non-scanner wide-field-of-view data obtained from three NASA satellites (ERBS, NOAA-9, and NOAA-10) from November 1984 to September 1999. p0245
The instrument package included five active-cavity radiometers, two medium-field-of-view, two wide-field-of-view and a solar monitor, with a combined ability to measure incoming and earth-reflected solar irradiances in the short-wave (0.2e5 micron) spectral region, and earth-emitted long-wave radiances up to 100 microns. p0250
The wide-field-of-view instruments observed irradiances from the entire earth disc enclosed by a 2-angular-degree space ring. The medium-field-ofview instruments viewed earth irradiances from regions with earth-centered angles of 10 . p0255
The raw data were processed by the data management team in the Atmospheric Science Division of NASA to develop temporally and spatially averaged short-wave and long-wave fluxes at the top of the atmosphere, which the team compiled into a number of different data products. The team discovered two sources of bias, which were quantified, and for which corrections were subsequently introduced. One of the biases was caused by slight satellite orbital decay, the other by a slow drift in the short-wave sensor. p0265
The two datasets used in this study are edition 3, revision 1 of the 72-day mean datasets for the tropics (20Ne20S) and near-global (60Ne60S), both of which incorporate corrections for the two sources of bias. The datasets encompass the 14.5 years for which ERBE data (Barkstrom, 1984) are available, from 1985 to mid-1999, approximately centered on the 18.1-year period of the ISCCP FD datasets.
s0060 Determination of short-wave flux trends p0270 A central objective of this work was to examine the impact on the global warming trend of increasing solar flux to the Earth's surface and into the atmosphere. For this purpose it was essential to determine the underlying trends in the radiative fluxes. p0275
Since the eruption of Mt. Pinatubo in mid-1991 caused a significant shortterm distortion in the underlying trend, for both the ISCCP FD and ERBE datasets all of the flux data were pre-processed by removing the Pinatuboaffected data over 18 months from mid-1991 to end 1992. Remaining data were deseasonalized by determining the average value for a given calendar month over the whole period and subtracting that value from the individual yearly values for that calendar month. This procedure was repeated for each of the 12 months in turn. The Pinatubo-adjusted, deseasonalized monthly data were then regressed to obtain least-squares linear trends in W m À2 year À1 . p0280
The key item of satellite data for this work was the net mean global surface short-wave flux trend from 1983 to 2001. The ERBE satellites did not produce data beyond 60N and 60S; they covered only a 14.5-year subset of the period of interest; and the data did not explicitly include the net short-wave surface flux. Therefore the ISCCP 90Ne90S dataset was used as the basis for the study, and the ERBE data were used as a validity check with the ISCCP 60Ne60S data shown in Fig. A2 . p0285
The ERBE data, covering 1985e1999, are divided into five 72-day periods for each year, a total of 75 periods. Owing to orbital characteristics, periods that are near-exact multiples of 36 days are essential for accurate analysis of the ERBE data. For seven of those periods (three each in 1993 and 1998 and one in 1999) the data are missing. p0290
The analysis examined the possibility that the missing data might have a significant impact on deseasonalization. A quadratic regression was carried out over 1985e1999 for each 72-day period in turn, whereupon the five secondorder fits were used to provide estimates of the missing values. There were two missing values for period 1, one missing value for each of periods 2e4, and two missing values for period 5. The deseasonalization and the overall regression were then repeated to obtain the least-squares linear-regression trend-line for upwelling short-wave flux at the top of the atmosphere. Agreement between the 60Ne60S ISCCP and ERBE trends, and between the ISCCP results and those in Pinker (Table 3 ) was found to be close. p0295 Figure A3 is a short-wave energy budget diagram showing how the average fluxes and flux trends are distributed among the significant flux components, including the surface, cloud, and aerosol albedo components. Effects that are de minimis are not shown. Net surface flux is found to be 0.143 W m À2 .
f0020 FIGURE A2 Deseasonalized east squares linear-regression trends on data from ISCCP FD 60N- 
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